
The U.S. Naval Observatory

Master Clock

: Dr. Demetrios Matsakis

1. M’hat is time?

2. What instruments do we use?

3. What instruments are we preparing?

‘4. How do we compute time from raw data?

5. What improvements are we considering?



WHAT IS TIME?

“That coordinate which can be most simply related to the
: evolution of closed systems”

The measure 

According; to Webster’s New Collegiate Dictionary:

or measurable period during
process, or condition exists”

which an action,



Time as Defined by Measurement

“The second is the duration of 9,192,63 1,770 periods of radiation corresponding to the
transition between the two hyperfine. levels .of the .ground. st,ate.of the -ce.sium-133 atom,
located on lhe geoid and in the absence of a magnetic field”



Multi-Cultural  Time
I. Atomic Tiime

1. Free-running time scales: USNO(A. l), BlPM(EAL),  NIST

2. Internat.ional Atomic Tim.e (TAI)
EAL steered towards primary frequency standards of the PTB
and SU, NIST-7, and the LPTF/OP/ENS atomic fountain)
Computed every month in 5-day points, and distributed about 2
weeks after the latest computed point.

3. Coordinated Universal Time (UTC)
UTC= TA1. with leap seconds for variable Earth rotation

4. Real-time realizations of UTC
SteTred time scales such as UTC(USNO),  UTC(NIST)
GPS time lsteered towards UTC(USN0)

5. ‘TI’ (Terrestrial Time), TAT recomputed long after-the-fact, but offset
by 32.184 secon.ds for historical continuity with Ephemeris Time.

II. Relativistic Corrections

1. Terrestrial Dynamical Time (TDT), referenced to the geoid:
TDT = ‘M’+32.184 seconds

2. Geocentric Coordinate Time (TCG), referenced to the Earth‘s center
3. Baryceniric  Coordinate Time (TCB), referenced to the solar system

barycenter
4. The: BAD GUY: TDB, Barycentric Dynamical Time

Relativistic transformation to the solar system barycenter, but then
the time coordinate is scaled so as to track TT. The result changes
many physical constants, and the mass of the sol.ar system bodies!



U. S . Naval Observatory

I * ‘Defense timekeepers since 1830

* Serves GPS, LORAN, and more

* Largest contributor to international
atomic time (TAT and UTC)
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STEERING OF USN0 MASTER CLOCK TO UTC

* UTC is international standard

* USN0 Master Clock outputs UTC(USN0)

* Enhances USN0 Master Clock stability over long periods.

* “Gentle” steering algorithms, so that time-transfer noise will

not degrade USN0 Master Clock stability over short periods.



Master Clock Steering AlgorithmsII
I. Historical ’

1. Generate a steered time scale by paper-steering of the unsteered time
scale (A.l) so that it closely approximates UTC. Steered time scale has
phase and frequency discontinuities with each monthly adjustment.j

I
,2. Steer a maser to that steered time scale once daily so that the steered

maser output is idektical differs from the steered mean in frequency by an
amount t.hat, would !&ch’ day reduce. the difference between the steered
maser’s time and the steered mean by 1 part in 50.
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1. Variatidns  ifi the numerical values of the steering parameters.

2. Steered time scales based on only maser or cesium clocks

3. Gentler parameterization  techniques, involving accelerating steers
or steering 21 maser to an intermediate mean which itself is steered

to the predictions of UK-A.1

4. Better ways to predict UTC vs A. 1


